Abstract -The effect of shear fields on the rate of physical gelation in semidilute solutions of ultra-highmolecular-weight polyacrylonitrile in propylene carbonate and on the structural features of the resulting gels has been studied. At 30-70°C in the uniform shear field, the induction period of gelation decreases from several hours to several seconds with an increase in the shear stress. The patterns of these dependences are rather close at shear stresses above 20 Pa, while significant differences are observed at these temperatures only at low shear stresses (below 15 Pa). Depending on the shear stress, two types of gelation can be distinguished at 70°C . At stresses below 15 Pa, the polymer phase emerging in the course of shear deformation is aligned along shear lines and the sample is macroscopically nonuniform. At higher shear stresses, the structure of the sample is uniform throughout its bulk.
INTRODUCTION
Owing to their peculiar structure and properties, gels, which are three-dimensional networks with junctions of various natures, have attracted the attention of researchers as an intermediate between liquid and solid states [1, 2] . The commonly accepted classification of polymer gels is relation to the nature of bonds between macromolecules in junctions is as follows [2, 3] : chemical gels, in which junctions are formed as a result of crosslinking of separate macromolecules via covalent bonds and physical (thermoreversible) gels, in which gels are formed van der Waals interaction of parallel macromolecular segments or hydrogen bonds. Depending on the type of phase separation of the polymer solution, crystallites (the crystalline type of phase separation) or a polymer-enriched phase (liquid-liquid demixing) may serve as junctions of physical gels [2, 3] .
In addition, the increased interest in physical gels is associated with the fact that the stage at which the spinning solution occurs in the gel state is an important one in the manufacture of polymer fibers with excellent mechanical characteristics [4] . The efficiency of the gel method primarily depends on the properties of the solution being spun, in particular, on the rate of phase separation. It is well known that outer shear or tensile † Deceased. mechanical fields are among the factors affecting the rate and character of phase separation in solutions [5] [6] [7] [8] [9] .
Therefore, gaining insight into the quantitative relationships between the characteristics of outer fields and the kinetic parameters of phase transformations leading to formation of gels in the solutions under study can be beneficial for controlling the structure and properties of gels.
Temperature-time conditions of phase transitions that occur in the absence of outer mechanical fields in a high-molecular-mass PAN-propylene carbonate system were described in [10] [11] [12] . It was shown that phase separation in 0.5-5% solutions brings about formation of thermosensitive gels.
In this work, the effect of uniform shear fields on physical gelation in a similar system has been investigated for the first time.
EXPERIMENTAL PAN with M η = 2.5 × 10 6 was prepared at the Karpov Institute of Physical Chemistry (Obninsk Branch) by the radiation emulsion polymerization [13, 14] . Reagent-grade propylene carbonate with density ρ = 1.19 g/cm 3 , T cr = -55 ° C, and T b = 240 ° C was used as a solvent.
The test solution was heated to 145 ° C under stirring and then allowed to stay at this temperature as described in [12] ; as a result, the homogeneous solution was obtained. In the study of gelation processes, the The rheological behavior of the system (viscoelastic properties and viscosity) was estimated on a RheoStress-600 rheometer (Germany) using HAAKE RheoWin software. The desired amount of a PAN-propylene carbonate solution was placed in a thermostatically controlled working cell of the cone-plane rheometer (with a cone diameter of 35 mm and an angle of 2° ) and allowed to stay for 5 min to attain thermal equilibrium. Then, the behavior of the system was studied under the specified regime at a constant temperature. The viscoelastic behavior of the system was examined under a regime of low-amplitude torsional oscillations. Changes in the storage modulus G ' and the loss modulus G '' , which are related to elastic and viscous components, respectively, with time were measured. In these experiments, the amplitude of oscillations corresponded to a 1% relative deformation at which the structure of the gels remained intact and their viscoelastic properties remained unchanged. The frequency of oscillations was 1 Hz. The second regime was accomplished by setting the desired constant shear stress τ with the aid of the rheometer. A time variation in the viscosity of the system η was measured.
X-ray diffraction measurements were performed on a URS-55 instrument (flat cassette, nickel-filtered Cu K α radiation, U = 40 kV, and I = 20 mA).
RESULTS AND DISCUSSION

Kinetics of Gelation in the Absence of Shear Field
(under Static Conditions) Before considering the behavior of the system in the shear field, we will examine gelation in the PAN-propylene carbonate system under static conditions.
As is known [15] , gelation in polymer solutions is accompanied by an increase in storage modulus G ' , which quantitatively characterizes the elastic properties of the system. Figure 1 shows G ' -time isotherms measured at several temperatures for 2.5% PAN-propylene carbonate solution under static conditions [12] . The time corresponding to the onset of G ' growth is taken as the induction period of gelation t ind (in Fig. 2 , this value is shown for isotherm 4 as the interception of dashed lines). The plot of t ind versus temperature is depicted in Fig. 3 . 
